The U.S. Environmental Protection Agency (EPA) is conducting demonstrations of a number of innovative cleanup technologies at Superfund sites across the nation. Conducted under the Superfund Innovative Technology Evaluation (SITE) program, the purpose of these technology demonstrations is to evaluate the capabilities and costs of innovative technologies under actual field conditions. These technology demonstrations involve considerable planning and costs, both to EPA and to the technology developers. Therefore, it is important to select sites with adequate quantities of wastes at high enough concentrations to allow clear comparisons between the treated and untreated wastes. It is also important to conduct treatability studies before final selection of a site to determine if the technology to be demonstrated is effective in treating the wastes that are present and allow the technology developer to establish operating parameters for the demonstration. This paper presents a sampling approach that was used to determine whether there were adequate quantities and concentrations of wastes at the Woodland Township Route 532 Site for demonstration of an asphalt encapsulation technology developed by WasteChem Corporation. This paper also presents the result of a bench-scale treatability study conducted by the WasteChem Corporation on wastes from this site. The WasteChem Corporation later withdrew its plan to demonstrate its technology based on cost disadvantages in comparison to other cleanup technologies that involve solidification.
The preliminary sampling and analysis confirmed most of the types of organic and inorganic contaminants found at the Woodland Township Route 532 site during the remedial investigation (RI). However, the contamination levels varied over relatively short distances across the site for some contaminants.
The bench-scale treatability study indicated that, when compared with concentrations in the untreated waste, WasteChem's asphalt encapsulation technology reduced semivolatile organic compound (SVOC) concentrations in the toxicity characteristic leaching procedure (TCLP) extracts of treated wastes. The study also indicated that metals concentrations in the TCLP extracts were lower in the treated 
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wastes than the untreated wastes in some samples and higher in others. Further studies would be required to explain these variations in leachable metals.
Process Description
The WasteChem technology dries and grinds wastes into fine particles as they are encapsulated in a hot (approximately 300° F) liquid asphalt binder, which then solidifies at ambient temperatures. A major advantage of the WasteChem technology is that it reduces the volume of the wastes and thus reduces the cost of handling and disposing of the treated material. The amount of reduction achieved is a function of the water content of the waste. 1 The waste stream is heated to allow evaporation of water and volatile organic compounds that may be present. Simultaneously, the solid material is reduced in size and coated and homogenized with liquid asphalt. Water vapor and a portion of any VOCs are condensed and treated through a carbon adsorption unit. Residual organic contaminants in the gaseous stream are removed through another carbon adsorber/filter to control releases to the atmosphere. Figure  1 shows a schematic of the treatment process.
The major component of the WasteChem process is the twin-screw extruder/evaporator, a widely used technology for products that require mixing of various ingredients in specified sequences at desired temperatures. This component is included in a process module 8 feet wide by 30 feet long by 9 feet high. In addition, the WasteChem equipment consists of an asphalt supply module, a waste-feed module, and a pollution-control module. All four modules can be mounted on transport trailers.
WasteChem reports that this technology has been successfully applied to more than 50 types of wastes, including sludges contaminated with metals, polychlorinated biphenyls (PCB), phenols, dioxin, and polynuclear aromatic compounds; incinerator scrubber wastes and ashes; paint and electroplating sludges; and residues from coal liquefaction, gasification, and coking.
The WasteChem process was developed initially for use in nuclear waste solidification. Its applicability for hazardous waste is limited in several ways according to WasteChem. First, it cannot process wastes that contain greater than 10 percent SVOCs. Second, it cannot process nonfriable solids greater than V^in. in diameter. In addition, WasteChem has determined that the process is not cost competitive with other solidification technologies for soils.
Site Description
The Woodland Township Route 532 site is in Burlington County, New Jersey. It covers approximately 20 acres within the Pinelands National Reserve. Between 1956 and 1962, the site owner accepted approximately 40 tons of chemicals, 4,000 tons of organic wastes, 4,000 tons of solids contaminated with organic liquids, 200 tons of wastes contaminated with heavy metals, and 50,000 tons of dry scrap material. These wastes are now distributed over a large area of the site and the waste, debris, and soils have intermingled, resulting in a complex distribution of contamination at the site. 2 The site was tentatively selected for the demonstration of the WasteChem technology because the types and concentrations of contaminants reported in the RI conducted for the New Jersey Department of Environmental Protection (NJDEP) appeared to be consistent with the wastes previously treated successfully with the WasteChem technology. In addition, the site is accessible from Route 532, although only one 40-ft. trailer can enter and turn around at a time via the access road. In addition, power lines exist within Vô f the site, but no water or sewer service is available.
Using data reported in the RI, EPA selected four soil sampling locations for the preliminary sampling effort that would likely yield samples with different types and concentrations of hazardous constituents. These four sampling locations (identified throughout this summary as Locations A, B, C, and D) contained soils contaminated with different levels of VOCs, SVOCs, pesticides, and metals, as well as a tarry material found at the site.
Procedures for Sampling, Analysis, and Treatabllity Studies
Sampling equipment included a hand auger, dedicated scoops, glass sampling jars, and polyethylene buckets. All sampling and analysis procedures and equipment used in this study are consistent with protocols under the EPA contract laboratory program.
At each sampling location, EPA contractors collected samples for characterization of the raw wastes and for a treatability study to be conducted by WasteChem. At two of the four sampling locations (A and B), the samples were taken at the surface. These samples included soil and tarry material. Extraneous material, such as large rocks and debris, was separated from the samples. At the other two locations, samples were taken from 1.5 ft. below the surface (Location C) and 7 ft. below the surface (Location D).
For waste characterization, five waste samples were collected at Locations A, B, and C. Only three waste samples were taken at Location D because of an equipment problem. The waste samples from Locations A, B, and C were taken CONTROL TECHNOLOGY from a primary sampling point and four other sampling stations 10 feet away from the primary point to the north, east, south, and west, respectively. At Location D, samples were taken from a primary point and at two supplemental points ten ft. north and west of the primary point. Figure 2 provides a diagram of how samples were taken at each location. The purpose of taking multiple samples at each sampling location was to allow EPA to determine if sufficient contaminated material existed at each location for a fullscale demonstration of the treatment technology. Each sample was mixed thoroughly with a sampling trowel before being placed in sample containers. Each sample was analyzed for total concentrations of VOCs, SVOCs, pesticides, and metals. 3 Samples for the bench-scale treatability study (conducted by WasteChem) consisted of a 1-gal. bucket of the soil collected at the primary point at each sampling location. Each sample was divided into three subsamples; one subsample was left untreated^ one subsample was mixed with asphalt in a ratio of 50:50 (asphalt to waste, by weight); and one subsample was mixed with asphalt in a ratio of 70:30 (asphalt to waste, by weight).
After the treatment process was applied to the waste, the concentrations of leachable hazardous waste constituents in the treated wastes were compared with those in the untreated wastes based on the TCLP. The TCLP extracts were analyzed for SVOCs, pesticides, and metals.
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3 Therefore, in comparing the leachable constituents of untreated and treated waste, the analytical data were adjusted to account for the dilution effects of the asphalt added during treatment. The detection limits were used to determine the percent reductions for undetected constituents. The following equation was used to determine the percent reductions in leachable constituents in treated wastes, based on the initial concentrations found in the raw waste.
Rm ( t TCLP rw XF r X100
where: R = percent reduction TCLP tw = concentration of TCLP extract of treated waste TCLP rw = concentration of TCLP extract of raw waste F rw = fraction of raw waste in treated waste
Results of Site Sampling and Analysis
The results of the preliminary sampling effort indicate that the contamination at the Woodland Township Route 532 site varies widely across relatively short distances for some pollutants. This variation was particularly evident in the results of lead and zinc analyses at Locations A and B (Figures 3 and 4 .049
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P N S E W P N S E W mg/kg. At Location B, lead and zinc concentrations are highest in the north. Zinc concentrations at Location B decreased by almost 200,000 mg/kg in a distance of only 10 ft. There was less variability at Location C than at Locations A and B. Lead concentrations were below detection limits (4.5 mg/kg) in the four supplemental samples from Location C. The primary sample had a concentration of 5.03 mg/kg. Zinc was detected at 16.8 mg/kg in the primary sample and at 6.9 mg/kg, 10.2 mg/kg, 3.5 mg/kg, and 4.5 mg/kg in the supplemental samples.
At Location D only two supplemental waste samples (north, west) were taken and analyzed during the preliminary sampling effort. There were some variations within the lead and zinc concentrations, but not as high as those observed in Locations A and B. Lead was detected at 14 mg/kg in the primary sample and was below detection limits (4.5 mg/kg) in the two supplemental samples. Zinc was detected at 146 mg/kg in the primary sample and at 85.4 and 14.5 mg/ kg in the supplemental samples.
Results of the Treatablllty Study
The results of the bench-scale treatability studies indicated that SVOC concentrations in TCLP extracts from the treated waste were lower than those in the extracts from untreated waste. Table I summarizes these results for the treated waste from Location A. SVOCs were not detected in the extracts from the raw wastes from the other sampling locations, so reductions could not be demonstrated. Similarly, no detectable concentrations of pesticides were found in the extracts from the raw waste at any of the sampling locations, so no conclusions regarding the effectiveness of the technology with respect to pesticides could be drawn. As mentioned, the results of the analyses for metal contaminants generally showed variable reductions in metal concentrations in the extracts after treatment. Table II displays these results for all sampling locations. The quality control results for these semivolatile analyses showed that check standards were within ten percent, blanks were clean, and all spike recoveries were within ten percent. Table II shows a number of instances where the treatment process appears to have caused increases in leachable metals. There are several possible reasons for this observation. First, the constituent concentrations in different portions of the raw waste may vary greatly. Therefore, the portion of raw waste that was treated may have had lower concentrations of contaminants than the treated portion. Second, the extraction and analytical process may introduce variability in the results. Third, the asphalt process may introduce some contaminants. Finally, the treatment process may make the contaminants present more easily extracted. The quality control results for these metals analyses showed that all check standard recoveries were within ten percent, blanks were clean, and all spike recoveries were within 25 percent.
It should be noted that greater reductions of leachable constituents may have occurred with a different leaching procedure. Under the standard method for the TCLP, the sample is ground to less than 1 cm in its narrowest dimension. This grinding step may have a significant impact on the test results of technologies such as the WasteChem technology that depend on encapsulation or solidification to reduce the leachability of contaminants from hazardous wastes. 3 
Conclusions
The results of sampling at the Woodland Township Route 532 site showed high variability in contaminant concentrations within sampling distances of 10 to 20 feet. This variability illustrates the importance of collecting a number of samples in each prospective waste source area during preliminary sampling at sites that are candidates for SITE demonstrations. For example, if only one sample (instead of five) were taken from Location B, the analysis would have indicated a zinc concentration of anywhere between 2,030 and 202,000 mg/kg. If the one sample had a low zinc concentration, this area may have been rejected for use during a SITE demonstration. Compositing is one method of taking a number of samples from each waste source area while avoiding the cost of multiple analyses in each area. However, compositing samples does not allow the identification of concentration gradients within a sampling area. One method of identifying gradients while avoiding excessive analytical costs is to take one composite sample for a complete analysis and several other samples for analysis of key contaminants only.
The WasteChem process reduced the concentrations of leachable SVOCs in wastes from one location at the Woodland Township Route 532 site. However, leachable metal concentrations in the treated wastes were sometimes higher and sometimes lower than those in the raw wastes. Since a 
CONTROL TECHNOLOGY NEWS

Ohio Power Awards Contract For Ceramic Filter Technology
Ohio Power Co., an operating affiliate of American Electric Power, has awarded a contract to Westinghouse Electric Corp.'s Science and Technology Center to design and supply an advanced particle filter for the Tidd Pressurized Fluidized Bed Combustion (PFBC) Demonstration Plant at Brilliant, Ohio.
American Electric Power Service Corporation is currently designing a hot gas clean up test facility for Tidd that will utilize the Westinghouse filter. This filter unit, largest of its kind ever built, will use cylindrically-shaped ceramic material, or candles. It will be capable of filtering up to 100,000 pounds of gas per hour, which is about one-seventh of the exhaust gas flow discharged by the PFBC combustor.
The filter unit is expected to begin service in 1992 and will be operated for up to two years. Ohio Power signed a cooperative agreement last year with the U.S. Dept. of Energy's Morgantown Energy Technology Center to install the $20 million hot gas clean up facility at Tidd Plant.
The purpose of the hot gas clean up program is to demonstrate the feasibility of filtering hot PFBC gases in commercial scale modules. Advanced particle filtration is a key element of developing clean coal technologies for power generation, including both advanced PFBC and integrated gasification combined cycles (IGCC). If proven successful, advanced hot gas clean up filters could open the door to even greater cost and efficiency advantages of clean coal technologies compared to present technologies for burning coal.
According to Dr. Thomas E. Lippert, manager of gas cleaning systems at the Westinghouse Science & Technology Center, "PFBC and the other new clean coal technologies need hot-gas cleanup to maximize their operating efficiencies. We don't know of a better way to handle particle removal at high temperatures than our ceramic filter technology."
Fourth San Francisco Bay Area Alternative Energy Power Plant Goes On-line
The fourth of five alternative energy facilities using the FI CIRC circulating fluidized bed combustion technology de-
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Volume 40, No. 10 veloped by Combustion Power Company, began operations in September in the San Francisco Bay area. The plant generates electricity using fluid petroleum coke, a by-product fuel of the local oil refineries. Owned and operated by independent power producer, GWF Power Systems, At ABB Environmental, we focus on solutions. ABB Environmental's programs in air toxics and air quality engineering are led by engineers and scientists who have made major contributions to groundbreaking air quality standards in the United States. Call on these experts today for an analysis of your facility's needs.
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